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DeauiripooH 

A MEIHOD FOR ENRICHING FETAL CELLS 
FROM MATERNAL BLOOD 

5 

Tfichm'cal FigM 

The mveodoa relates to a method of enriching fetal cells from 
maternal blood. 

10 Background of the Invention 

Approximately 53 miUioa women become pregnant in the United 
States yearly, resulting in 3.8 million deliveries. There are an additional 10 million 
deliveries in the other afEhieat countries in the world. Prenatal testing is used in a 
subgroup of these women who have a dgw^'^w* risk of having a fetus with a 

15 genetic disorder sndi as Down's ^mdrome. 

At pKseni; the onty way of dfagnmfng fetal disorders is to obtain 
torn the aimnotic ioid (amniocentesis) or the surface of the fetal sac 
(choriomcviQus) of the mother. These procedures are expensive and carry a risk 
of spontaneous abortion of between W^\%. Because of the risk of spontaneous 

20 abortion, these collection procedures are reconmiended only for women who are 
at a high-risk of canying a child with a genetic defect For example, only women 
over age 35 are advised to have the test because the risk of Down's Syndrome is 
higher in that group. Some of these women re&se the test because of the risk of 
spontaneous abortioiu Even though many of these high>risk women are tested, 

25 only a fraction of fetuses with Down's Syndrome are detected. The high-risk 
women represent such a small portion of the women having children that the low- 
risk population stiU delivers most of the afOicted children. Eighty percent of those 
children bom with Down's Syndrome are from the "low-risk," under 35-year-old 
group. This situation is also true of mazy odier genetic defects or disorders. 

30 It is therefore desirable to provide a test that would resolve this 

testing dilemma 1^ providing a safe method >xdiich could be available to all 
pregnant women, irrespective of risk frurtor and without risk of spontaneous 
abortion. Although it is known that fetal cells circulate in the blood stream of 
pregnant women (see Kulozik and Pawlowitzkt, "Fetal Cells in the Maternal 

35 Circulation: Detection by Direct AFF-Inununofluorescence," ff^iTnan Genetics 
£2;221-224, 1982), fietai cells are present in sodi low concentrations tiiat the 
procedures necessaiy to isolate them are extremely difficult and time-consuming. 
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For example, Henzenberg et aL (Tetal CeOs in the Blood of Pregnant Women: 
Detection and Enridunent by Fluorescence-Activated Cell Sorting," Pmc. Natl. 
Acad. Sd„ USA 2fi:14S3-14S5, March 1979) used a Fluorescence-Activated Cell 
Sorter (FACS) in order to detect £Btal ceUs in materaal blood. The procedure 
5 used, bowewn, is not adaptable to routine ditocai testing procedures, in 

to the great ffiq)ense and e]q>ertise required to run a FACSmadii^ Thenxethod 
of Henzenberg et aL is also deficient for routins dinical tagtiwg because it 
requires determination of HTA ^pes. Biancfai et aL CDirect Hybridization to 
DNA From Small Numbers of Flow-Sorted Nudeated Newborn Cells," Cytometry 
10 2:197-202, 1987) also used a FACStnadiine to detect nucleated cells, although the 
blood senile was not obtained from tib« mother but from the newborn's umbilical 
cord. 

The {oesent invention provides a method for enriching fetal cells 
that overcomes these disadvantages, and farther provides other related 
IS advantages. 

Smmnayy of the laygmifln 

The present mvention is directed towasi methods for tmiehmQ fetal 
nucleated, erythroid cells from matonal blood. Within one aspea of the present 

20 invention, such a method comprises the steps o£ incubating a sample of 

blood with an inunobilized ligand capable of specificalfy binding to fetal 
nucleated, erythroid cells under conditioos and for a tiTna sufSdent to allow 
specific binding of the ligand to the cells; removing unbound blood products; anri 
fnaiharing the bound cells in the presence of erythropoietin such that the fetal 

25 cells are preferentialiy enriched. Within one embodiment of this aspect of the 
invCTrion, the immobilized H gatiH is an inunobilized antibody. 

Within another aspect of the mvention, a method is provided for 
enridiing fetal nudeated, erythroid cells from matumai blood, conqnising the 
steps at incubating a san^le of materoal blood with a first member chemically 

30 Imked to a ligand capable of spedficalfy binding to fetal nucleated, erythroid cells 
under conditions and for a time sufBdent to allow ^)edfic binding of die ligand to 
the cells; adsorijing the cells to an immobilized second member, the second 
member being enable of binding to the first member with an affinlQr constant of 
greater than about 10^ M"^; removing imbound blood products; and incubating 

35 the bound cells in the presence of eiydiropoietin such that the fetal cells are 
preferentially mridied. Suit^le first memiier-second member binding pairs 
indnde biotin-avidin, biotin-strqjtavidin, biocytin-avidin, biocytin^eptavidin. 
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methotrexate-dihydrofolate reductase, 5-fIuorouracil<-tliiiir/dylate synthetase, and 
ribofiavin-riboflavixi binding protein. Within one embodiment of this aspect of the 
invention, the first member which is cfaenucally linked to a ligand is a biotinyiated 
andbotfy and the immobilized secoiid member is inmiobilized avi^^ 
5 ^tbin another aspect oi the present imrention, the method 

comprises the steps ofi incubating a sanyle of maternal blood vnih a first ligand 
capable of spedficaOy binding to fetal nudcaied, eiytfaroid cells tmder conditions 
and for a time sufficient to allow q>edfic binding of the first ligand tb the cells, 
minibatimg the sasq>le with a first member cfaemicalty libked to a second ligand 

10 capable of specifically binding to the first ligand nnder conditions and for a time 
sufiSdent to allow the second ligand to bind to the first ligand; adsorbing the cells 
to an immobilized second member, the second member capable of binding to the 
first member with an a£5niQr constant of greater thai! about 10^ M"^; removing 
unbound blood products; and incubating the bound cells in the presence Of 

15 erythropoietin such that the fetal cells are preferentially enzuhed. Within one 
embodiment, the first ligand is an antibody which spedficalty binds to fetal 
mideated, eiythzoid cells. Within prefierredesibbduaiems, the first member which 
is dwmiGally linked to the second ligand is a biotinyiated antibody. In sodi an 
embodiment, the unmobilized sedmd member is inimobilized avidin. 

20 As an alternative to the step of incubating bound ceOs m the 

presence of erythropoietin, another aspect of the present invention conq>iises the 
steps at (a) incubating the bound cells with ammonia and chloride ions and a 
carbonic anfaydrase inhibitor under conditioiis and for a time sufBdent to aUow 
accumulation of ammonium ions within the bound cells; and (b) incubating the 

25 bound cells containing accumulated ammonium ions in the presence of ammonia 
and carbon dioxide such that selective hemolysis of maternal blood cells occurs. 
In addition, the present invention may also be performed using a co mbi na ti on of 
both erythropoietin enrichment and the method described above wherein the cells 
are incubated with ammonia and chloride ions and a carbonic anhydrase inhibitor 

30 rm^'^ conditions and for a time sufBdem to allow accumulation of ammonium 
ions within the bound cells, followed by the mcubation of bound cells containing 
accumulated atnmftniMm ions in the presence of ammonia and carbon dioxide 
sudi that selective hemolysis of maternal blood cells occurs. These two 
enxicfameiit methods may be performed sequentially, and in either order. 

35 "V^thin another aspect of the present invention, a method is 

provided for enriching fetal nucleated, eiythroid cells from maternal blood, 
con^rising the steps at incubating a sanqile of maternal blood in the presence of 



wo 91/16452 



PCr/US91/02789 



ezytbropoietizi sudi that tbc fetal cells are enricfaed; incubatmg the enriched cells 
with an inunobilrBed ligand capable of spedEcalLy binding to fetal nucleated, 
etychroid cells under conditioDS and for a time sofSdent to allow specific binding 
of the ligaiui to the ceQs; and xemoving unbound blood products. Alternatively, 
5 withia anodier embodiment of the present imiaaian, the enrigfied eaiig mny }yk 
imniobfliagd by inmharing than vnA a. fintt tngmlvw rfi^mirfllly to a M ^y/i 
capable of spedfically binding to the cells tinder conditions and for a tfrn^n 
sufSdent to allow specific bindis^ of the ligand to die cells, and adsorbing the 
cells to an immobilized second member, the seeomi member bemg capable of 

10 binding to the first member with an affinity constant of greater than about 
10^ M"^ . Within yet a further enibodiment of the present invfcntion, the enriched 
cells may be munobilized by mcubating the enriched c^Us with a first ligand 
c^Mbte of specifically binding to the cells under conditions and for a tftwuB 
jgoiBdent to allow specific binding of the first ligiand to the cells; menha iin^ the 

15 sample with a. fiist member diemicalty linked to a second ii g««H capable of 
SDedficaBv binding to the first ligand under mndftiniig aiiA far a itmi» wrfR^W »» 
aDow die second l^^and to bhid to the first l^and; and adsorbing the cells to an 
immobilized second member, die second member being capable of binding to the 
first member with an affinity constant of greater than about 10^ M*'^. Suitable 

20 combinations of first and second l^and axe discussed in detail below. 

In addition, within the aspects discussed above, the methods may 
fiirther comprise (subsequent to removing the unbound blood products) the steps 
o£ incubating the bound cells with ammonia and chloride ions and a carbonic 
anhydrase inhibitor under conditions and for a time suffident to allow 

25 accumulation of amTnoniTiTn ions within the bound ceils; and incubating the cells 
c ontaining accumulated ammonium ions in the presence of ammonia and carbon 
dioxide, such that selective hemolysis of maternal blood cells occurs. 

"^i^^thin other aspects of the present invention, as an alternative to 
fiist incnbating a sanqyie of maternal blood m the presence of eiythropoietui, the 

30 cells are incubated with ammonia and diloride ions and a carbonic anhydrase 
inhibitor under conditions and fior a time suffident to allow accumulation of 
ammonium ions within the bound cells, followed by incubation of the cells 
containing accumulated amnumium ions in the presence of ammonia and carbon 
dioxide, such that selecove hemolysis of maternal blood ccUs occurs. 

35 Within the present invention, a variety of ligands may be utilized, 

induding antibodies, eiytliropmetin, and transfeniiL The ligand may be 
immobilized on any of a varied of solid supports, such as hollow fibers, beads. 
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magnetic beads, plates, ^m^ay, flasks, meshes, screens, solid fibers, membranes, 
and dipsticks. 

Within another a^ct of the present invention a method is provided 
for typbag chromosomes of fetal nucleated ajftfaroid cells, ochipasiog the steps of: 

conditioiis and for a time snflident to indode metaphase in tt» ceQs; fixing 
the DNA of the cells; standng the fixed Dl^A sbdt that chromosomes may be 
observed; and *»a«™-H**tg the stained DNA thereby allowing the typing of the 

10 These and other aspects of the present invention vrim become 

evident upon reference to the following detailed description. 

Petaflgd Descrintion of the Invention 

The present invention provides methods for the enrichment of fetal 

15 nucleated, etytiiroid cells from maternal blood. Maternal blood contains, among 
mai^ other ^es of cells, both adult and fetal nucleated, eiythioid cells. Hiiough 
the efforts of the present invention, fatal nucleated, eiythxoid cells may be 
enridied from as few as 1 in 10^ in maternal blood, to an enriched concentratfon 
of about 1 ui 10^. and preferably, to a out 1 in 10^. Within the context of ±c 

20 present invezdion, mrHttatmti eiythroid ceDs contain a nucleus and generally 
indude eiythroblasts as weU as odier eiythroid piecursor cells. 

Matenial blood may be obtained from a pregnant female using 
conventional techniques well known in the arL Preferably, peripheral blood is 
drawn from an easify obtainable source such as the antecubital vein (the arm vein) 

25 with conventional venipuncture techniques. Once the maternal blood has been 
drawn, it may be frozen using conventional techniques, or stored at 4''C for a 
TTiayitnuTTi of 4 to 7 days. Various anticoagulants may be added to the blood as 
necessary, inchiding, among others, ACD, CFDA £DTA, and Heparin. 

The maternal blood is then subjected to a selection method in 

30 accordance wxtii the presem invention, wiierem preferentially enridied fetal cells 
xasy be obtained without the need for further purificaticm, for exanple, by a 
Fhiorescence-Activated Cell Sorter (FACS). In general, the methods of the 
present invention con:q>rise the 5tq>s of: (1) incubating the materaal blood with 
either an immobilized ligand, or a ligand ^tiiich wiU suteequently be immobilized, 

35 sudi that the ligand binds to and hence immobilizes the fetal nudeated, eiythroid 
ffiiiif' (2) removii^ unbound blood products; and (3) preferentiaily enridiing the 
bound cells for fetal nucleated, eiythroid cells. As noted above, these basic steps 
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may be perfonned in aa alternative order, for example, coniprising the steps of: 

(1) preferentially enridiing maternal blood for fetal nudeated, erythroid cells: 

(2) incubating the eniidied ceOs with either an immobilized ligand, or a ligand 
which win subseqnenliy be immobilized, sudi that Hie ligand binds to and hence 

S immobilizes the fetal micleated, erythroid cells; and <3) removing nnbound blood 
products. The piesem invention may be peifisnnediitiljBm^ 
in a related application entitled Tmmnnoselecdon Device and Method", attorney's 
dodcet number 200072.401, \M± is xDCOcporated herein by reference. 

"^thin one aspect of the present inventioa, the maternal blood is 

10 incubated with an immobilized ligand capable of specifically bindii^ to fetal 
nudeated, erythroid cells under conditions, and for a time suffident to allow 
binding of the cells to the Ugand. Generally, incubation of about 15 to 30 minutes 
at 4*C to 3TC is preferred. If the incubation step occurs as the cells are passed 
over a cohimn, the flow rate should be snffidoitly slow to allow the cells to bind. 

15 Fte£eraii]y, the cells should be allowed at least 15 minutes in whidi to trarniM 
bed of this column. 

As noted above, the ligand should be dusen sudl that it is enable 
of ^dfically binding fetal nudeated, erythtoid cells. Within the context of the 
present invention, the ligand is defined to be "specifically binding" if it is capable 

20 of binding to fetal nudeated, erythroid cells, but not to more than about 10% of 
the maternal blood cells. The relative percentage of bound fetal nudeated, 
ezythroid cells to other ceils may be readUy determined by analysis with a specific 
marker such as Alpha Fetal Protein (AFP). For example, at any point within the 
methods discussed below, the relative percentage of fetal cells to maternal cells 

25 may be determxoed with either glucose oxidase or fluorescein conjugated anti- 
AFP antibody (see A. Kulozik and L H. Pawlowitzld, "Fetal Cells in the Maternal 
Circulation: Detection by Direct AFP-rmmunofluorescence," Human Genet. 
1^221, 1982). This detennxnation is preferabfy perfbnned after two or more 
pnzification steps. 

30 ligands wfaidi specifically bind to fetal nudeated, eiythroid cells are 

known in the art, induding erythropoietin (Amgen, Tliousand Oaks, Cali£), 
transferrin (Sigma Chemical Co., St Louis, Mo.) and selected antibodies. 
Monodonal antibodies which specifically recognize nudeated erythroid cells are 
particularly preferred. Monodonal antibodies to nudeated eiythroid cells sudi as 

35 anti-transferrin receptor antibodies may be obtained from conventional suppliers 
(Becton Diddnson Immunoc^ometiy Systems, Mountain View, Cali£). 
Alternatively, monodonal anti-eiythroid antftodies, such as EP-1, may be 
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produced using tedmiques well known in the art (see Yokochi et aU "Monoclonal 
Antibodies Detecting Antigenic Determinants With Restricted Expression On 
Eiytfaroid Cells: From the Eiythroid Committed Progenitor Level to the Mature 
Eiythroblast," filcQSi i^:1376, 1984; see also Heddy Zola (ed.), Monoclonal 
5 Antihndiesi A Mamial of Ts^gn^ QRC Press, Boca Raton, Fla^ 1987). 
Bciefty, cells may be generated for immunizatiini from fetal liver donal erytfaroid 
cultures, and enridied to progenitor cells. Thus, the popukdaa of cdls used for 

Mtrtigiwiiy tmA for primar y SCnenillg Siay '•"rlrtafn firiTTiatiirw et y t fa tOblaStS, 

eiyttaroblasts of an intennediate dc^pree of manniiy, and presumably, jnogeiutor 

10 cdls of BFU-E and CFU-E types. Hiese cells may be used for intravenous 
immunization, followed by removal of the ^leen and fusion of the spleen cells 
with a myeloma Ime sudi as NSI, using standard tedmiques. Hie resulting fused 
eeDs, or l^bridomas, may then be screened against the above-desoibed cells using 
conventional techniques (see Yokodu et aL, supra). 

15 The entire specifically binding antiboffy need not be used as the 

ligand. More specifically, only the binding region of the antibody is necessary to 
specifically bind fetal nudeated, eiytfaroid cells. Thus, antibody fragments such as 
Fab or F(ab023Gragments may be used within the present invention. Additionally, 
the Mwrfing regions of the spedficalty binding antibocty may be incorporated into a 

20 new protein, windi may be used as the ligand (see Reichmaim et aL, "Reshaping 
TTiTfTian Antibodies For Therapy," Nature 222^323-327, 1988; Verhoeyen et al., 
"Reshaping Human Antibodies: Grafdng an Antiiysozyme Activity," Sdence 
239:1534.1536. 1989; and Roberts et aL, "Generation of an Antibody with 
Enhanced Affinity and Spedfidty for its Antigen by Protein Engineexing," Nature 

25 222:731-734, 1987). 

Within the present invention, the ligand is immobilized in order to 
allow sepaxadon of boimd cells from other blood products. Many suitable 
supports are well known in the an and indude, among otheis, hollow fibers 
(Amicon Corporation, Danvers, Mass.), beads (Poiysdences, Warrington, Penn.), 

30 magnetic beads (Robbin Scientific Mountain View, Calil), plates, dishes and 
flasks (Coming Glass Works, Coming, N.Y.), meshes (Becton Diddnson, 
Mountain ^^ew, Cali£), saeens and solid fibers (see Edehnan et aL, VS, Patent 
No. 3343324; see also Kuroda et aL, U.S. Patent Na 4,416,777), membranes 
(MDIipore Corp^ Bedford, Mass.), and dqistidcs. A variety of different sources 

35 exist for siq)ports other than those designated. Particular preferred is a support 
sudi as Biogel P-^** (BIORAD, Richmond, Cali£). Biogel P-60"* is a porous 
polyacrylamide Iqrdrogel bead. The beads are generally spherical, on average 
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about 250 microos in size, and liave an average pore size wfaidi excludes 
molecules larger than appiouui atdy 60,000 daltoos. 

A vaxiety of methods may be used to immobilize the ligand onto a 
sappon. For aample, a ligand, such as an antibody, may be diiecdy C019 
5 the support by various methods wdH known in the art fsee J. K. hman. Methods 

JnJSiamaiDEL Vnl ^ AWTrflv r^^ehnirp^m^ PhWi^i.. Pimfiearion; Part R W B. 

Jakoby and 'Wllcfaek (eds.). Academic Fiess, Kew York, p. 30, 1974; see also 
M^diek, and W. Bayer, Ibe AvidiihBiotin Coopiex in Bioanalytical 
wA^Iicatioas," Analvt. Binchem. 221:1-32, 1988). These methods indude the use 

10 of glutaraldehyde, carbodiimide, carboi^i diimidazole, cyanogen bromide, tosyl 
chloride, biotin/avidin, and biotm/streptavidin. Once the ligand has been 
immobilized onto the support, the maternal blood may be incubated with the 
immobilized t^and tmder conditions, and for a time su£Scient to allow binding of 
the ligand to the cells. Within the context of the present invention, suitable 

IS condhioiis for Hfarftwg to occur rm^Am incubation in a physfologicai buffer at 
about 4"C to about 37^ Farticolarty prefisnred tenqietatuzes range from about 
4*C to room tenperanire. The time of incubation depends on the afSnily axid 
avidity of the Ugand for the cdD, and may be readify determined. Generally, 
incubation fbr about 15 minutes to coo hoar is prefinxed. FoQowing hxcubation, 

20 unbound blood products may be removed, and £etal cells enzidied mH"g the 
methods described herein. 

Within another aspect of the present invention, a sanq}ie of 
maternal blood is incubated under suitable Conditions with a ligand which is 
chemically linked to a first member, and then adsorbed to a second member 

25 which is immobilized on a solid support. The first member should be capable of 
binding to the second member with an affinity of greater than ^xiut 10^ 
Many suitable first member-second member binding pairs are well known in the 
art These indude, among others, biotin-avidin, biotin-streptavidui, biocytin- 
avidin, biocytxn-streptavidui, methotrexate-dihydrofolate reductase, S-fluorouzadl- 

30 thimydylate ^nthetase, xiboflavin^ibofiavin binding protein, andbody^tein A, 
and andbody-^mitein G. In a preferred embodiment, the first member is biotin 
and the second member is avidin. 

Either member of the above described binding pairs may function as 
the second member, with the conqplementaiy member functioning as the first 

35 member. Furthermore, combinations of the first member - second member 
binding pair may be empkiyed. For example, biotin may be linked to the ligand, 
as well as adsorbed to the support. The cell, ligand, biotin-coioplex and biotin. 
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support-complex may then be bound together through an incubation step with 
avidin. Avidin is multivalent, permitting the formation of a cell, ligand, biotin, 
avidin, biotin, support-complex which immobilizes the ceU. 

Within one example of this embodiment, a sanple of maternal 
5 blood is incubated wida a biotinylated andbodsr under conditions and for a time 
sufficient to allow binding to occur. The sample is tken incubated with, or passed 
over a support wMdi contains immobilized avidin. Cells wfaidi axe coupled to the 
biotti^lated antibody are adsorbed to the immobilized avidin, thus allowii^ 
separation of cells from unbound blood produces. Subsequently, unbound blood 

10 products may be removed, and fetal cells enriched using methods described below. 

Within yet another aspect of the piresent invention, a two-step 
method is used to immobilize the fetal nucleated, eiythroid cells. Briefly, a first 
ligand is incubated with a sanq>le of the maternal blood under suitable conditions 
as described above. Subsequently, a second ligand which has been chemically 

15 linked to a first member is added. Hie second lig^ is capable of binding to the 
first ligand. The cell, first ligand, second ligand; first member-complex may then 
be adsorbed onto an immobilized second memb^, thus allowing the separation of 
ceDs from unbound blood products. Rqiresensativeezanqileis of the first member- 
second member binding pair have been discussed above. Re|iresenxative 

20 exanqiles of the first ligand mdude oythropoietin, transferxin, and selected 
antibodies. Once the first ligand has been selected, the second ligand is chosen 
such that it specifically recognizes and binds to the first ligand. Within a preferred 
embodiment, the second ligand is an antibotfy, for example an anti-erythropoietin 
(Teny Fox Laboratory, Vancouver, B.C Canada), anti-transferrin (Chemicon 

25 Intl., Inc, Temecoia, Calif.), or anti-inmiunoglobuiin antibody. Anti- 
immimoglobulin antibodies may be prepared using techniques well known in the 
art, or may be obtained from conventional sources, including, among others, 
Sigma Chemical Co., St Louis, Mo., and Becton Dickinson Immunocytomeoy 
Systems, Mountain View, Calif. 

30 Within a preferred embodiment, the first ligand is an antibocfy 

which specifically recognizes fetal micleated, erythroid cells such as an anti- 
transferrin receptor antibody (Becton Dickinson Immunocytometry Systems, 
Mountain \^ew, CaM). The antibody is mcubated with a sample of maternal 
blood. A biotinylated anti-immunoglobulin antibody, sudx as biotinylated goat 

35 anti-mouse IgG (the second ligand which is chemically linked to a first member) is 
then added and incubated with the sample. The sanple is then incubated with, or 
passed over a bed of material which contains the immobilized second member, in 
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tfais case, inunobUized avidin. The ceil, amOxxfy, aud-iminunogiobulin antibody, 
and biotin-con^lex wiU be adsorbed to the inunotHlized avidin, thus allowing the 
subsequent removal of unbound blood products. 

As noted above, once the cells have been immobilized, unbound 

5 blood products may be rraioved. In one enibodinlent, the immobilized wOs ate 
rinsed with a ply s idogical ba&r, thereby nsmoving the unbound blood products. 
Vaxious methods may be used to rmse the unmobiiized cells, depending upon the 
type of siqyport dmsen. Hiese mediods mdude, among others: washing or 
flushing the support; magnetically attracting the support out of sohition, followed 

10 by resuspension in a physiological buffer, and (tentriiugation followed by 
resuspension. Various physiological buffers are also well known in the art, 
including PBS, PBS plus albumin, such as Bovine Serum Albumin (BSA), normal 
saSnc, and cell culture media. 

Once unbound blood products have been removed, bound cells may 

15 be prefisremial^emidiedfiwfietalnucleate^ezydixoid cells. As noted above, at 
least two alternative methods may be used either s^arately, or together. If the 
two methods are performed together, either methdd inay be perlbrmed first 
"Within one embodiment the bound cells are cultured under selected culture 
condidons m the presence of erythropoietin (Amgen, Tliousand Oaks, Cali£) (see 

20 Emerson et aL, "Developmental Regulation of Exythropoiesis by Hematopoietic 
Growth Factors: Analysis on Populations of BFU-E From Bone Marrow, 
Peripheral Blood and Fetal Liv«-," Blllflll 2^1):49-55, 1989; see also linch et aL, 
"Studies of Circulating Hemopoietic Progenitor Cells in Human Fetal Blood," 
Slflfld 52(5):976-979, 1982). Selected culture conditions generally mclude growth 

25 in standard cell culture media, without any other <7tokines other than 
etytfaiopoietin. Hiis preferentially allows fetal, but not maternal, nudeated 
ezythroid cells to grow. Particularly preferred media includes Iscoves' Modified 
Dulbecco's Medium (Gibco, Grand Island, N.Y.) containing a final concentration 
of 20% fetal bovine serum, and 2 U/ml purified urinary human EPO. 

30 Within the second method, &tal nucleated, erythroid cells are 

preferentially enridied based i^n their iq}take of ammonium ions and the 
selective hemolysis of maternal blood cells, or more specifically, of maternal 
erythroid cells (see generally Jacobs and Stewart, The Role of Carbonic 
Anitydrase m Certain Ionic Exchanges Involving the Erythrocyte," J. Gen. Physiol. 

35 25^39-552, 1942; and Maren and Wfley, "Kinetics of Carbonic Anhydrase in 
Whole Red Cells as Measured by Transfer of Carbon Dioxide and Ammonia," 
Molecular Pharmacology 6!43(M40. 1970). Briefly, the cells are incubated in the 
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presence of ammonia and chloride ions and a carbonic aniiydrase iniiibiior under 
amdidons and for a time sufGdent to allow accumulation of ammonium ions 
within the cells. This generally takes approadmaxdy 5 to 30 minutes. The cells are 
th fsn wi ffl i ^Tflt^ in the presence of i"iimA"fi^ and carbon dioxide such t h^? selective 
5 hemolysis of matemal blood cells occurs. 

Withitt the context of the present invention, maxQr compounds may 
provide suitable sources of ammonia, chloride ions, and darbon dioodde. For 
example, suitable sources of ammonia inciude, sunong odiers, ammonia and the 
ammonium salts. Suitable sources of diloride ions indiide, among others, Nad, 
10 Kd, MgQ2> and Czdz- Suitable sources for carbbn diokide include, among 
others, carbon dioxide in solution, carbonate, and bicarbonate. 

la addition, many carbonic anl:^dras& inhibitors are known in the 
art, induding, among others, most monovalent anions such as cyanide and ^aiiate, 
monovalent qiifiHes, sulfonamides, and acetazolaiiiide (see Undskog et aL, T^e 
IS ^mV"^ ^-^^ Biodiem. Biophvg. 150; 43fi. 1972: and 

FOdcer and Watamoii, BiochenL 12^7S, 1973). Tbe carbonic anfaydrase 
mhxbitors should be selected so as to fimction under physiological conditions. 
Preferred carbonic aohydrase inhibitOBS mdnde snlfamlamf de and acetazolamide. 

Bound cells may be released by various methods either subsequent 
20 to, or prior to enrichmenL If bound cells are released prior to enrichment, they 
may be subsequently enriched usizig the above<described methods. Various 
methods are known in the art for releasing cells. Within one such method, cells 
may be cultured with or without cytokines. Cytokines, such as IL-2, can cause 
proliferation of cells, or changes in the surface cfaaractexistics of the cells, such 
25 that the cells or their progeny are released from a si^port. Within another 
method, deavage of the ligand or of the cell-ligand bond may release the cell. 
Various deavable ligands and deaving enzymes are known in the an, induding 
among others, papain and trypsin. Vfitida yet another method, the cells may be 
released by gravitadonal, or electromagnetic forces. A particularly 

30 preferred method is medianical agitation, for example, by agitation of the beads 
through pipetting stirrii^ shakm& vibration, or sonication. 

^thin another aspect of the present invention, a method is 
provided wherein the cells are first enriched, followed by adsorption of fetal 
nudeated, ezythroid cells and removal of unbound blood products. Briefly, fetal 
35 cells may be enriched by first mcubating maternal blood with ammonia and 
diloride ions, and a carbonic anfaydrase inhibitor. After the ceils have been 
incubated under conditions and for a time sufiBdent to allow accumulation of 
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ammonnim ions, the cells axe treated with ainmonia and carbon dioxide such that 
selectxvre hemolysis of maternal blood cells occurs. Fetal cells may also be 
onidied by inc ab a t ioii with etythropoietin as ^^''ywsfd above, or by a combined 
treatment using both exytfaropoietin and the inethod discnssed above Mdierein the 
5 cells are treated widi awitnnmg and carbon dioxide. Fdrthexmore, as discoid 
above, the two methods xoay be pexfbnned in either order. 

The enxidied ceQs lemaising after the method(s) described above 
may then be immobilized using azy of the above discussed methodSt inchitiin^ 
(1) an immobilized ligand which specifically binds to fetal nucleated, eiythroid 

10 cells remaining after enrichment; (2) incubating cells remaining after enrichment 
with a first member linked to a ligaad, the ligand being capable of specifically 
binding to fetal nudeated, eiythroid cdls, followed fay adsorption of the cells to an 
immobilized second member, the second member bdng cqiable of binding to the 
first member with an affinity ffwiiffant at greater than about 10^ M"^; and 

15 (3) inmharing cells xonaimng after enxkhmenc iwidi a &st Kg*wtrf, fbDowed by 
incnhatiQn with a aaennd ifganH whf<^ is chemically linked to a first member \riiich 
is capable of binding to the first ligand under conditions and for a tmM» fiifHrf^t 
to allow the second ligand to bind to the first ligand, followed by adsoiption of the 
cells to an immobilized second member, the second menober being capable of 

20 binding to the first member with an afSnity constant of greater than about 
lO^M-1 . 

Subsequent to immobilization of the cells, unbound blood produdts 
may be removed using methods described above. If the cells were initially 
enriched using erythropoietin, subsequent to removing unbound blood products, 

25 the cells may be treated using the method wherein ammonia and carbon dioxide 
are used. Similaily, if these cells were initially treated with the method wherein 
ammonia and caibon dioxide are used, subsequent to removing uxibound blood 
products, the cells may be treated with erythropoietin. 

Fetal cells whidi have been enriched from mut^xp^} blood may be 

30 diaracterized hy incubatii^ the preferentially enriched cells with a marker 
capable of selecttveiy bindii^ to fetal cells. A marker selectively binds to fetal 
cells when its presence on the target ceUs is greater than 10-fold more than the 
quantity on maternal cells. Various maricers are known in the art, including, for 
example, antibodies to Alpha Fetal Protein ("AFF) (see Kulozik et aL, "Fetal 

35 Cells in the Maternal Circulation: Detection by Direct AFP- 
Tmmunofluorescence," HuTna^ Henet. j^221-224, 1982), or antibodies to antigen 
T (see Y.W. Kan et al., "Concentration of Fetal Red Blood Cells From a Mixmre 
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of Maternal and Fetal Blood by Anii-i Senim," Eosd 42(3):411-415, 1974). 
Antibodies to the fetal ceS maricer may be labded using tedmiques 
the art, and used to detect the presence of fetal cells. 

"V^thin a pi^erced embodiment of the present invention, ligand is 
5 removed from the ceU soz&ce tfaroogfa the method described in a relat^ 
appUcation entitled "Methods fiv Removing ligands from a Partide Surface," 
attome/s docket nnmber 200072.403, which is incorporated herein by reference. 
Socb removal may be paiticulaxiy advantageous prior to diaracterization, as 
discussed above. 

10 As described herein, enriched fetal cells have a variety of uses. For 

example, through in situ hybridization the presence of a selected genetic material 
may be detected in a fetal celL Similarly, DKA or RNA amplification may also be 
used to detect a selected genetic sequence in fetal cells. The methods of the 
present invention are particularly useful for fetal cells which are enriched to sach 

15 an extent that they axe amenable to duomosomal typing by comnentional 
cytogenetics techniques wherein spreads of the ceils' chromosomes aie examined 
under a microscope. 

Jh stu faybridizatimi may be used as a method for detecting the 
presence of a selected genetic material within cells (see Finkel et aU PtQC. Natl. 

20 i^ m f^ii ^ TTSA 25:9138-42, 1988; see also Hopman etaL, "Detection of 
Numerical Chromosome Aberrations m Bladder Cancer by In Situ Hybridization, 
Am. J. nf Path." 135f6'>: 1105-11 17. 1989). Briefly, the genetic material associated 
with the preferentially enriched cells is first exposed using techniques well known 
in the art The genetic material is then incubated with a labeled probe capable of 

25 specifically hybridizing to the genetic material, under conditions and for a time 
sufficient to allow hybridization to occur (see, for example, K. E. Davies, UsiSDSBl 
netierie Diseases. IRL Press, Oxford, UJL, 1986). Finally, the presence of the 
hybridized labeled probe is detected. Within a preferred embodiment, the genetic 
material is denamred after the step of exposing. Within the context of the present 

30 invention, genetic material inchides whole doomosomes, DNA, and RNA. 

Various methods are also well known in the art for amplifying and 
detecting genetic material For example, if present, a selected genetic sequence 
may be amplified using techniques well known in the art, and then probed for 
presence of that sequence (see Kogan et aL, "An Improved Method For Prenatal 

35 Dis^nosis of Genetic Diseases fay Analysis of Amplified DNA Sequences," Hifi 
New Fug. J. of Med. 317fl6^:98S-99a 1987; see also Witt and Erickson, "A Rapid 
Method for Detection of Y-Chromosomal DNA from Dried Blood Specimens by 
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the Polymerase Chain Reaction," Human n^npt ^:271-274, 1989). Methods for 
anqdificatioa include Foiymerase Chain Reaction (TCR") (see MuUis et aL, U.S. 
Patent No. 4,683,195; NfiiUis et aL, U.S. Patent No. 4.683,202; and MuUis et aL. 
1X5. Patent No. 4^mi59, which are inomponted herein by xefierenceX and RNA- 
5 based amplification techmques (see lizaxdi et aU Bio/Teeimnlogv £:1197-1202, 
1988; Kramer et aL, ISsaxa. 23S;401-402, 1989; and Lomeli et aL, nfairai 
dlfimianz 2£(9):1826-1831, 1989; see also Kramer et aL, XJJS. Patent 
No. 4»786,600^ wbkii is fncoxporated heron by rdSerence). 

PGR is the most common^ used method for amplifying DNA 

10 sequences. Briefly, amplification entails adding the appropriate primer(s), 
enzymes and nucleotides into a reaction mixture, followed by several (20-80) 
cycles of denaturation and annealing in order to amplify the small amount of 
target DNA. The DNA mixmre is then separated by electrophoresis and 
lybiidized with a labeled probe to detect the pnisence of the target sequence of 

15 DNA. 

The preferendaUy enxkhed fetal cells msQr also be ehwimnminMiTy 
lyped (see Hman CytOgcngtifiS. DJE. Rooney and RH. GsqniDeouski (eds.), IRL 
Press, Oxford, U.K, 1986). Briefly, within a preferred eihbodunent, a sample 
containing at least 1 fetal cell in 105 other cells is cultured ioi 2-6 days in Iscoves' 

20 Modified Dulbeceo's Medium (IMDM) (GIbco, Grand Island, N.Y.) containing a 
final concentration of 20% fetal bovine serum (FBS) (HYCLONE"', Logan, 
Utah), and 2 U/ml of highly purified recombinant eiytfaropoietin (Teny Fox 
Laboratory, Vancouver, B.C, Canada), in order to increase the proportion of 
cells in met^hase. The cells are then incubated in coicemid, fixed, attached to 

25 miaoscope slides, trypsin-treated, and stained with Wrighfs stain. The slides may 
then be scanned microscopically for abnormal chromosomes. 

the following examples are offered by way of illustration, and not 
lyy wsy g£ lisBxtst&oQ* 

30 EXAMPLES 

iEi?t9ni pi^ 1 
Catboxyladon of a Polyaoyiamide Gel 

35 Seventeen grams of dry Biogel P-eO", (50-100 mesh (wet), coarse 

beads) (BIORAD, Catalog No. 150-1630, Ricfamond, Califl) are added to U 1 of 
0.5 M NaHCOs/OJJ M Na2C03. The pH is adjusted to lOJ with NaOH and 
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careMly stirred with a mixer (RZRl^ Cazfamo, Wiarton, Ontario, Canada) so as 
nm to damage die beads for appn»uamteiy 20 to 30 minutes. Hie mixture is tiien 
placed in a d(rc water bath. After tiie mixture readies a temperature of 60°C, it is 
incubated for an additional 2 Jionrs (at 60^ with occasional stirring. Hiemixnire 

5 is then removed from the water bath, and placed in an ice bath to bring the 
nxbanre tecoperature downto nxmitenq)eratDre. 

The beads axe washed several times with distilled or deionized 
water, followed hf several washings of PBS using a coarse gjass filter connected to 
a vacuum. The carfooxylated gel may be stored in PBS at 4*C and is stable for up 

10 to one year if sterilized or stored with a preservative. 

pxample2 

Avidhx Conjugating the CariKS^lated Biogel 

IS FBS is first removed from a measured amount of caiboxylated 

Biogel by fOtezing with a coarse glass filter connected to a vacunm. The gel is 
then eqnilibiated in distilled or deionized water for 15-30 minutes. Equilibration 
hi water causes an eq»nsion of the gd to a vohime of about 4 tiines ifs previously 
measured amount The gel is resuspended m 10 ml of distilled or deionized'water 

20 for each mi of gel (as originally measured in PBS). 

TVenty mg of l-€thyl-3-(3-dimethyIaminopropyI) carbodiimide 
(EDC-HCI) (Sigma Chemical Co., Catalog No. E7750, St Louis, Mo.) is added for 
each mi of gel as originally measured. The pH is rapidly adjusted to 5.5 by 
dropwise addition of HCL Care is taken to maintain the pH at 55; pHs of less 

25 th ^" 5.0 or greater than 6.0 result in significantly less activation of the BiogeL The 
mixture is stirred for five minutes. 

Avidin (International Enzymes, Inc., Fallbrook, Calif.) is dissolved 
at a concentration of between 10 and 100 mg/mi in deionized water. Next,500/fg 
of avidin is lapidfy added for each ml of gel (as originally measured m FBS). The 

30 mixmre is sdxred for L5 hours. Next, 2 M gl^cme is added to give a final 
concentration of 02 M glycine in the mixmre, and stirred for an additional 1 hour. 

The gel is washed with several volumes of PBS using a coarse glass 
filter and vacunm. and stored m PBS with 0.1% NaN3 at 4"C The gel is stable for 
approximately one year. 

35 

EM lnple3 

Immunoadsoiption of Maternal Cells Witii The Two-Step Method 
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FRBPAiiAnoN OF Cells 
TWen^ ntQiniteis of blood is obtaioed from a pregnant female and 
suspended in an equal vohmie of PBS with 1% Bovine Setwn Albumin (BSA) 
S (Sigma Chemical Co, St Louis, Mo.), in four SO ml centrifiige mbes. The number 
of nucleated cells/ml is counted in the fiDllowing mannen A SO Ml aliquot of 
mixed, antico^ulaisd whole blood is diluted into 3 ml of a 3% acetic add 
solution. After vortexin^ 7 M sanqiles of dihtted blood are loaded into each of 
two chamhers of a hemacytometer. After about 3 minutes to allow settling of the 

10 cells, the nuclei of cells, which are almost all lysed by the acetic add, are counted 
in the four ruled fields per. cfaaznber of a hemacTtometer with improved Neubauer 
rulings (VWR Scientific, San Francisco, Calil), eadi field representing 0.1 x 
id sample vobmie. The average number of nudei per field is multiplied by a 
difaition factor of 61 x 10^ to calculate the number of nucleated cells per milliliter 

15 of ^ole blood. If the average is less than 10 iiiidei per field, the procedure is 
repeated except 50 id blood is dQuted into onl^ 1 ml acetic add, with a resultixig 
new dilution factor of 21 x 10^. 

Each tube of dihited blood is underlayered with 5 ml of Histopaque 
1077 (Sigma Chemical Co.) and centnfiiged at 700 g for 15 minutes at room 

20 temperature. CeUs at the interface are collected and washed once in PBS phis 1% 
BSA. The pellet is resttspended in 100 M in PBS phis 1% BSA 

Twenty micrograms/milliliters of and-txaasfenin receptor antibody 
(Becton Diddnson, Lnmunocytometiy Systems, Mountain View, Calif.) is added 
to the mixture and incubated for 15 minutes on ice. The cells are then washed 

25 oncewith4mlofFBSplusl%BSAandcentiifiigedatappnnimately400gforS 
minutes. 

The cells are then gently resuspended to 1 ml and 1 Mg/ml of 
biotinylated goat anti-mouse IgG (Southern Biotedi, Birmingham, Ala.) is added. 
The mixture is incubated for 15 minutes on ice and washed twice as described 
30 above with PBS plus 1% BSA. 

Preparation of Columns 
Carboxylated Biogei P-SO" (prepared as described above) is allowed 
to equilibrate to room temperature and placed in a K9/1S colunm (Pharmada, 
35 Fiscataway, KJ.) to a total bed height of 1 cm. The column is washed with PBS, 
followed by washes with PBS plus 5% BSA This cohunn fimcdons as a "pre- 
column." The avidin column contains avtdinHConji^ated Biogei P-dO"*, which is 
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prepared as described above. Hie avidm-conjugated Biogel is allowed to 
equilibrate to room temperature, and placed in a K9/15 column to a total bed 
height of 4 cm. The column is then washed with several vohunes of FBS, followed 
by washes with FBS plus 5% BSA. 

5 

iMMUNCMDsoRpnoN OF Cells 
Cells which have been prepared as described above are resuspended 
in PBS phis 5% BSA to a volume of 1 mL Tbie cells are then gently transferred 
onto the top of the gel bed of the pre-cohimn filter. Tbc cells are allowed to filter 

10 through the pi-esxilmnn and are washed with 1 ml PBS plus 5% BSA. A 
peristaltic pump (Cole-Parmer, Rockford, ilL) inmtrbls flow from the avidin 
column to a rate of about 1 ml/miimte. Onds the cells have almost run down to 
the top of the avidin cohmm bed, 1-2 ml of FBS phis 5% BSA is added to the top 
of the avidin cohunn in order to wash out remaining o$lIs. Hie column is washed 

IS out with 4-6 ml of FBS pfais 5% BSA, followed by 4-6 ml af FBS. 

Removal of Adsorbed Ceus From The AvmiN Column 
The avidin column is placed on top of a 15 ml centrifiige mbe. The 
valve of the column is opened and 15 ml of RPMI 1 is added to the column with a 
20 wide bore, 9-inch transfer pipette. The RPMI is added to the column while the 
pipette is used for medianicalfy Stating and resuspending the cell bed, thus 
allowing cells to become detadied firom the gel matrix, and to filter into the 
centii&ge mbe. The mbe is then centri&ged at 400 g for 5 minutes and 
resuspended in cell culture media as described below. 

25 

FTample 4 

Preferential Enrichment of Fetal Nucleated, Eiythroid Cells 

ENRICBMENr OP FSXAL CeLLS WiIH ERYIHXOPOIEnN 

30 Cells which are separated from the Avidin-Biogel column above, are 

resuspended in Iscoves' Modified Dulbecco's Medium (IMDM) (Gibco, Grand 
Island, N.Y.) containing a final concentration of 20% fetal bovine serum (FBS) 
(HYCLONE'", Logan, Utah), and 2 U/ml of highly purified recombinant 
erythropoietin (Teny Fox Laboratory, Vancouver, B.C Canada). Cells are 

35 diluted to 5 x 10^ nucleated ceils/ml and 200 /tl is plated into each well of a 96 
well tissue culture plate with round bottoms (Coming Glass Works, Coming, 
N.Y.). 
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Enrichment of Fetal Cells by Ammomum Ion Differentiation 

Cells wbicfa are sepaxated firom the Avidin column above, are 
acQustedto aooneemiatxoaof tesstiia]i2X107nndeatedcens/mL Onevofamu 
S of the cell imsture is dolled, and a sohifiion at 2!rc ewntai'ti^wg is vobmies of 
ai844 M NH^a and 2 volumes of 10 /iM acetazolaniide is added. After 2 
mnmtes, 2 vohmies of 3mM NH4RCO3 is xapidfy added, and the whole mixaize 
gemty stirred for 3 mimites. Cells axe washed several times with PBS by 
c e mi L f li g ation in orcfer to remove celTular debris. 

10 

In Situ Hyloidizadoii 

Eoxicbed ceils are exposed to a hypotonic solntion (.075 M KQ) fbr 
15 12 minmes at 37^ llie tubes are inverted once dnziogilie incubation t^ 

oeOs suqiended. Tmaxiy drops of freshly jKe^ted fixative (3:1 methanolracetLc 
add) is added to tiie cells, vorteaed, and then eeattifixged fot 8 ndnutes at 
i^pranamtely 250 g. Fxesii fixative is added to the cells, followed by incubation 
for one hour at room tenqwrature. Hie cells are centiifuged for 8 miimtes at 
20 apprQximatefy250g. Fresh fixative is added and the process is repeated one more 
time. FznaOy, the cells are resuspoided in a small amount of fixative and placed at 
4*C ovexnighL 

The next day the cells are vortexed and placed onto microscope 
slides (Baxter, McGaw Park, SL) which have been deaned with ethanol and 
25 dipped in distilled water. The slides are allowed to dry for two days at room 
temperature. 

The slides are heated in 70% formamide m 2x SCC (OJO M Nad, 
aOSOMNadtiate) to 68^70*C for 25 minutes. The slides are then hnmediately 
placed in a rinse of 70% ethanol in water. Following the xinse, die slides are 

30 placed successiveiy in 70%, 95%, and 100% ethanol solutions for 5 minutes eadi. 
Eadi alcohol solution must be maintained at ^ -20^ The slides are air dried. 

A probe is prepared £rom plasmid DNA according to the method of 
Page et ai ("Single coy sequence hybridizes to polymorphic and homologous lod 
on human X and Y chromosomes" PNAS 22:5352-5356, 1982), from American 

35 Type Culture Collection (ATCQ No 57261; except that biotin-dATP is 
incorporated into the probe. Twen^ five microitets of the biotinylated probe (5 
l^ml) per slide is placed in a microfiige tube. The probe is heated to 70^ for 5 
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xnizmtes then inunediately placed on ice. Twenty microliters of the probe solution 
is placed onto each slide and covered with a 22 x 40 nun coverslip. The slides are 
placed into a box with a wet paper toweling liner and incubated at 37*0 for 12-18 
hours. 

5 A 50% solunon ai fonnasnde in 1 x SCC is wanned to 3TC. 

Coverslips are removed from die sEdes and ftinnented into the 50% fonnamide 
solution for 30 rntnttt^t The slides are then placed in 2 x SCC aahxdaa for 30 
minntes with gentle zockisg; then in 1 z SCC for 30 minotes with geode roddng. 
Flnoresceinated avidin (Vector, Bnrlingaine, Calif.) is dilated 1:1000 (1 |tg/ml). 

10 Hie back of the slide and around cell area are wiped. Two hundred microliters of 
the avidin-finocescein is added to each slide and hicubated ui die b(» for 30 
tnifwitas at room teiiq>erature. The slides are rinsed settjuentialfy in 1) 4 x SCC for 
10 TniTw»#»e with roddng, 2) 4 x SCC, 0.1% Tween«20 for 10 minntes without 
roddng, 3) 4 xSSC for 10 minutes with roddng. The bade of the slide and around 

15 cell area is wiped oS. Ten microliters of and-&de pfais pnqndium iodine (10 ml 
PBS, 100 mg p-Phei^lene diamine, 90 ml glycerol, pH 8.0, 10 Mg/ml propidhxm 
iodide) is added. The slides are covered with coverslips and stored at 4"C The 
slides may be stored for several da^s if neoessaiy. Target DNA may be observed 
*Qnder a microscope by the presCTce of fluorescence. 

20 

Chromosomal Typing 

The enriched cells are eqxised to 1 fig of colcemid (Sigma, 
25 SL Louis, Mo.) for one hour at 37*C A hypotonic solution (0.075 M KQ) is added 
to the cells and incubated for 12 minutes at 3TC. The tabes are inverted once 
during the incubation to keep the cells suspended. Twenty drops of freshly 
prepared fibcattve (3:1 methanohac^dc add) is added to die cells, vortexed, and 
then centrifiiged for 8 minutes at approximately 250 g. Fresh fixative is added to 
30 the cells, followed by incubation for 1 hour at room tenqierature. Hie cells are 
centrifiiged for 8 minutes at approiximateiy 250 g and fresh fixative is added again. 
Tliis process is repeated one more tune. Finally, die cells are resuspended in a 
small amount of fixative and placed at 4rc overmgfaL The next day die cells are 
vortexed and placed onto microscope slides (Baxter, McGaw Park, QL) whidi have 
35 been deaned with ethanol and dipped m distilled water. Tlie slides are allowed to 
air dry for about 3^ d^ and dien are treated witii a0Q5% trypsin (Difco 
Bactotiypsin, VWR SdentxGc, San Francisco, Cali£) for 30 to 35 seconds. The 
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slides are washed twice in FBS Plus 1% FBS, followed by washing in PBS only. 
The cells are stained with Wrighf s sohition (Sigma Chemical Co., St Louis, Ma), 
followed fay two washes with deionized water. The slides are scanned for evidence 
of metaphase ceDs and l3fped Iqr coinendaoal biogenetics. 
5 Fzom tbe fbregoiii^ it wiB be appcedaied that, although spedSc 

fflnhodinwmtn of the iiweaiioa hare been described herein for the pmposes of 
jUnstration, vazioiis mndifTcatio iis 1029 be made without deviating fmm the spirit 
and scope of the immntian. Aooocdiii^, die inveittion is sot limited except as by 
the appended daims. 
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C!1aitns 

L. A method for enriching fetal nucleated, erythroid cells from 
f[^ ^^*<mtt^ blood, cooqirismg: 

(a) wffiihatifig a S3mple of maternal blood With an umnobilized ligaiid 
capable of specifically biadin^ to fetal imdeated, eiythroid dells imder conditions and 
for a time sufSdent to allow specific bindiiig of said ligand to the ceQs; 

(b) Temovingunboond blood produds; and 

(c) incnbaring the bound cells in the presence of exythropoietin soch 
that the fietal cells are preferentially enriched. 

2. A method for enriching fetal nudeated, eiythroid cells from 
maternal blood, comprising: 

(a) i>c"^*^'"g a sanq}le of maternal blood with an immobilized ligand 
capable of specifically binding to fetal nudeated, eiydiroid cells under oonditians and 
for a sufBdem to allow specific binding of said Ugand to the cells; 

(b) removing unbound blood products; 

(e) inCTibflti"g the bound ceDs with ammonia and diloride ions and a 
carbonic anfaydrase inhibitor under conditions and for a time sufSdent to allow 

flrrtwtmlq t!'>" of amm nnhi m ioos wltfaill tfaft bOOIld Cdls; and 

(d) fnc^ Tb^ti>g thff Cy^i? gn|| t»^im'ng grwiwmilated flwimoniiim ions in the 

presence of amtwmiia and carbon dioxide such that selective hemolysis of maternal 
blood ceDs occurs. 

3. A method for enriching fetal nucleated, erythroid cells from 
maternal blood, comprising: 

(a) incubating a sample of maternal blood with an immobilized Ugand 
capable of specifically binding to fetal nudeated, erythroid cells under conditions and 
for a time suffident to allow specific bindmg of said ligand to the cells; 

(b) removing unbound blood products; 

(c) incu ba tin g the bound ceUs with ammonia and chloride ions and a 
carbonic anfaydrase inhibitor under conditions and for a time sufSdent to allow 
accumulation of aim"'^'"*" ions within the bound cells; 

(d) i ft<tTb**<'"g th* ^ntaming a/^rninlatgrf flinmonfum ions in the 
presence of ammonia and carbon dioxide such that selective hemolysis of maternal 
blood cells occurs; and 
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(e) incubatmg tiie bound cells in the presence of exytbropoietin such 
that the fetal cells are preferentially enriched. 

4. A method for oixicfaing fetal nucleated, erythroid cells firom 
matetoal blood, conq)rising: 

(a) inaihaffng a san^le of the nuiteznal blood with ammnnta and 
diloride ions and a carbonic ani^drase inhibitor under conditions and fbr a time 
snffidem to allow accanmlation of amnrnniinn ions witfam said cells; 

(b) inenhatiTigthg eeilK enmaimng gggwimilatiiri amrnntwiiiw Inn* fn ty 

presence of ammonia and carbon dioxide sudi that s<blecthre hemolysis of maternal 
blood cells occurs; 

(c) incubating ceDs remaining after hemolysis with an immobilized 
Hgand o^ial^ of qiedfiealfy binding to fietal nudeated, 

and for a time soffidoit to allow specific binding of ssiid l^B^ 

(d) removing unbound blood products. 

5. The method of daim 4, iweiiirimg^ snbserpiflflt to removing said 
unbomul biood products, incubatmg the ceDs in the preseaioe of erythropoietin such 
the fetal cells are preferentially enridied. 

6. A method £or enriching fetal nudeated, eiythroid cells from 
maternal blood, conxprising: 

(a) incubating a san^le of the Tnatemal blood in the presence of 
erythropoietin, such that the fetal cells axe enriched; 

(b) incubating the enriched cdls with an immobilized ligand capable 
of spedfically binding to fetal nudeated, eiythroid cells under conditions and fbr a timg 
sufficient to allow specific binding of said ligand to the cells; and 

(c) removing tmbound blood products. 

7. The method of claim 6, including, subsequent to removing said 
unbound blood products, incubating the bound cells with ammonia and chloride ions 
and a carbonic anhydrase mhibitor under conditions and for a time sufBdent to aUow 
accumulation of ammonium ions within die bound cells; and 

incubating die cells containing amimiilatrd ammonium ions in the 
presence of ammonia and carbon dioxide such that selective hemolysis of mateinal 
blood cells occurs. 
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8. A method for enricfaii!^ fetal nucleated, eiythroid cells &om 
maternal blood, comprising: 

(a) incubating a san^le of maternal blood in the presence of 
ecythropoietin such that the fetal cells are enriched; 

(b) incubating the oytbropoietiit enridied cells lividi ammonia and 
chloride Usos and a caxbomc aabydrase intaibitiir nndc^ oandidoos and for a time 

fnffiffiw T^T tn ^nriHMt a tf-mwrnlatinn nf atmiMinmm irmk within gaid celh; 

(c) ^nnT^!«*^g armtafmng aeammltitivi ariiirnnnimn ions hi the 
presence of ammonia and carbon dioxide such that selective hemolysis of maternal 
blood cells occurs; 

(d) incubating the cnridbed cells from step (c) with an immobilized 
ligand capable of specifically binding to fetal nucleated, eiythroid cells under conditions 
and £Qr a time sufficient to allow spedfie binding of said ligand to the cells; and 

(e) removing unbound blood products. 

9. A method for enriching fetal nucleated, ezythroid cells from 
maternal blood, conqnising: 

(a) inCtlbl^tiT'g a sample of malfflTml W0«* ^"^h atmnfmia and chloride 

ions anri a cazfoomc anl^drase inhibitor under conditions and for a time sufficient to 
allow accumulation of ammnnfiim ions within said cells; 

(b) iTiCT^ w tiirg e^"* <wiirt«'ning armmnlatftri ammonmm ions in the 
presence of awimnnia and carbon dioxide such that selective hemolysis of maternal 
blood cells occurs; 

(c) incubating the enriched cells from step (b) in the presence of 
erythropoietin such that the fetal cells are enridied; 

(d) incubating the erythropoietin enriched ceils with an immobilized 
ligand capable of spedScaily binding to fetal nudeated, eiythroid cells under conditions 
and for a time suffident to allow specific binding of said ligand to the cells; and 

(e) removing unbound blood products. 

10. The method of daims 1 through 9 wherein said ligand is selected 
from the group consisting essentially of antibodies, eiydiropoietm, and transferrin. 



IL Hie method of daims 1 through 9, indiidhig, subsequent to the 
step of removmg said unbound blood products, releasing the immobilized cells. 
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12. Tbe method of daimll wheieiii said cells are released by 

13. The method of dainis 1 through 9 wfaereia the step of xenovuig 
conqirises rinsing the bonndcdb^dth a plysfotog^ 

14. The method of daim 13 ivfaerem said physiological solution is 
selected from the group consfsiiug o£ PBS, FBS phis albuniui» ^'^w^^^ <mK«* sod cell 
culture m ed ia. 

15. The method of claims 1 throiigh 9, including, subsequent to the 
st^ of preferentially ooridaing the fetal cells, incubating the enriched cells with a 
maiiEer capable of sdectivetybmding to said fetal ceOs. 

innnbbilized on a solid scqppoit selected firom the group consisting of hollow fibers, 
beads, magnetic beads, plates, dishes, flasks, meshes, screens, solid fibers, membranes, 
and iSpsdidcs. 

17. The method of daims 2, 3, 4, 7, 8, or 9 wherein said caibonic 
anhydrase inhibitQr is selected firom die gmap consfsring of soifianilaxnide and 
acetazolamide. 

18. The method of daims 2, 3, 4, 7, 8, or 9 wherein said chloride ions 
are selected from the group consisting of Nad, KCI, MgCl2* ^d Caa2. 

19. The method of daims 2, 3, 4, 7, 8, or 9 wherein said ammonia is 
selected firom the group consisdng of NH^Q and ammonium salts. 

20. The method of daims 2, 3, 4, 7, 8, or 9 wherein said carbon dioxide 
is selected firom a group consisting of carbon duiride in sohition, caxfaonate, and 
bicarbonate. 

21. A method for enriching fetal nudeated, eiythroid cells firom 
maternal blood, comprising: 

(a) Tncnhatfng a saiiq>ie of matanal blood with a fiist member 
chemically linked to a ligand cs^able of spedfica% bindii^ to fetal nudeated, erythroid 
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cells uader conditions and for a time sufSdent to allow specific binding of said ligand to 
the cells; 

(b) adsorbing the ceUs to an immobilized second member, said second 
member capable of bimSng to the fim xnember with an afSnity cons^ 

about 10^ M"^, 

(c) removing nnboond blood products; and 

(d) i ><?itbfl TT»ig the bound cells in the presence of erythropoietin such 
that the fetal cells are preferentiaBy emidied. 

22. A method fbr enriching fetal nudeated, ezythroid cells firom 
maternal blood, comprising: 

(a) incubating a sample of maternal blood with a first member 
diemicalfy linked to a ligand capable of specifically bindiiig to said cells mider 
conditions and fbr a time sufBdent to allow specific binding of said ligand to the cells; 

(b) adsorbing the cells to an inmobilized second member, said second 
member enable of binding to the first member with an afBnity constant of greater than 
about 10^ 

(c) removing unbound blood products; 

(d) fi^gi n^^^'^c the bound ceDs wi& atomonia and diloride ions and a 
carbonic anbydrase inh&itor under conditions and for a time siifFident to allow 
acconxulation of annnonium ions within the bound cells; and 

(e) iniai bnting the cells cantaining accumulated ammonium ions in the 
presence of ammnma and carbon dioxide sudi that selective hemolysis of maternal 
blood cells occurs. 

23. A method fbr enriching fetal nucleated, eiythroid cells from 
xnateroal blood, comprising: 

(a) incubatLo^ a sample of maternal blood with a first member 
chemically linked to a ligand capable of specifically binding to fetal nudeated, eiythroid 
cells under conditions and for a lime sufficient to allow specific binding of said ligand to 
the cells; 

(b) adsorbing the cells to an immobilized second member, said second 
member capable of binding to the first member with an affinity constant of greater than 
aboutlO^NT^ 

(c) removing unbound blood products; 
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(d) tncnhating tte bound cells with anmumia and chloride ions and a 
cazbomc aniydrase Inhibitor under conditions and for a time sufSdent to allow 
accumulation of ammonium ions within the bound cells; * 

(e) twwhalTW gr tiMt aril* a nn t ai nin £ »eatim}ai;^ gmmiiniiiiTi f o ns in thtf 
presence of ammoma torn and earhrm tfimrMa ffLft^ f}tat «;gtegti«^ hCTUffly Si'! ? nf ' Hlfflt^ -nial 
blood odls occnxs; and 

(£) fticnhating the bound cells in the presoice of exytbropoietin such 
tibst tibo fctsi cells die ^rcfiBi'ffn^ifliT^ ^^T^^^'^ ^n 

24. . A method for enriching fetal nucleated, eiytbroid cells firom 
maternal blood, comprising: 

(a) incubatiag a sas^le of the maternal blood with »m-memi» and 
chloride ions and a cazbonic ani^drase inhibitor under conditions and for a tune 
sufficient to allow accnamlation of ammoninm icms within said cells; 

(b) incnbatittg the cells contahiingaccnamlated ammoninm ions in the 
presence of ammonia and caxbon diaadde sndi that selective hemolysis of maternal 
blood ceQs oeenrs; 

(c) incubating cells remaining afier hemolysis with a first mexhber 
cfaemfcaHy linked to a ligand capable of specifically binding to said cells under 
conditions aiui for a time sufficient to allow binding of said ligand to the cells; 

(d) adsorbing the ceDs to an inuDobilxzed second member, said second 
member capable of bmding to the first member with an affiniiy constant of greater than 
about lO^M"^ and 

(e) removing imbound blood products. 

25. Tbe method of dahn 24, including, subse(pient to removing said 
unbound blood products, incubating the cells in die presen<» of erythropoietin such that 
the fistai cells are prefierentiaUy enriched. 

26. A mediod for enriching fetal nudeated, eiythroid cells from 
maternal blood, comprisis^ 

(a) incubating a sample of the maternal blood in the presence of 
erythropoietin sudi that the fetal cells are enndied; 

(b) incubating the enridied cells with a first member chemically linked 
to a ligand capable of specifically binding to said cells under conditions and for a time 
sufficient to allow ^dfic binding of said ligand to die cells; 
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(c) adsc»biiigtheodDstoaniiiiiiuMu»dsee(»^ 

member capable of bindiiig to the fizst member with an afELtdiy eoflstaat of greater than 
about 10^ M"l; and 

(d) lemoviDgnnbauod blood products. 

27. The mediod of daim 26, indndrng, snbsequent to removing sa&i 
mibonnd blood products, fm^^^^fag the bound cells with ammonia and chloride ions 

a carbonic anhydrtise faihibitor tmdler conditi^ins and for a tro?^ sufiSoent to allow 
aeconinlation of amnionium ions within the bound ceQs; and 

incubating the cells .contaioiiig accumulated, ammonxum ions in the 
presence of ammonik and carbon diaadde such that selective hemolysis of maternal 
blood cells occurs. 

28. A method for enriching fetal nucleated, ezythroid cells from 
maternal blood, couiprismg: 

(a) incubating a sanq)le of matenial blood in die presence of 
exytbropoietin such that the fetal cells are enridied; 

(b) imrnbaffng the eiythtc^etia emicfaed cells widi armnmria and 
diloride ions* and a carixmic anhydrase inhibitor udder conditions and for a time 
sufficient to allow acfflmmlation of ammonnim ions within said cells; 

(c) ^ Tftt-whatifig the c*^* containing accumulated a mmoni um ions in the 
presence of tfrp^rmiit and carbon dioxide sudi that selective hemd^ of maternal 
blood cells occurs; 

(d) incubating the emicbed cells from step (c) with a first member 
chemically linked to a ligand capable of specifically binding to said cells under 
conditions and for a time su£5cient to allow specific binding of said ligand to the cells; 

(e) adsorbing the cells to an immobilized second member, said second 
member capable of binding to the first member with an afBnity constant of greater than 
about 10^ M"^; and 

(f) removing unbound blood products. 

29. A method for enzicfaing fetal nucleated, exythroid cells from 
matNnal blood, conqxrising: 

(a) incubating a sanq>le of maternal blood with ammonia and chloride 
ii3m and a carbonic asfaydrase inhibitor under conditions and for a time sufficient to 
allow accumulation of ammnmiim ions within said cells; 
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(b) fnaihating the cells caataimng acaminiated ammonium ions in the 
presence of ammonia and carbon dioxide sucfa that selective hemofysis of matrnma} 
blood cells occurs; 

(c) incnhating the emiefaed oeDs firom step (b) in tbe presence of 
erythropoietin soehtiiattiiefBtal cells ate emidied; . 

(d) hTfflihating erydmpdetin entidied oeQs with a first mtsabcx 
diemically linked to a ligaud ^ipablfl of ^ledfically htnrffag to iiaid ceQs under 
conditions and for a time safBaaat tn aflow speeSBe binding lyf $yid lig ^tiH to the ce" s ; 

(e) adsorbing tiiecdDs to an inmiobiiized second member, said second 
member capable of binding to the first member with aii afSniQr constant of greater t^t^n 
about 10^ M"^; and 

(Q removing unbound blood products. 

30. The method of daims 21 thxxmgh 29 wherein said ligand is 
selected ftom the gfoap consisting essentially of andbodies, eiythropoiedn, and 
transferrin. 

31. The method of daims 21 dooni^ 29, rntinMn^ subsequent to the 
step of removing said unbound blood products, releasing the inmiobilized ceQs. 

32. Hie metiiod of daim31 wherein said cells are released by 
oscclismic&l 3ffXs^t^ioj^ 

33. The method of claims 21 through 29 wherein the step of removing 
comprises rinsing the bound cells with a physiological solution. 

34. Tbe method of daim 33 ii^erein said physiological sohition is 
elected firom the group consisting of FBS, FBS phis albumin, normal saline, and cell 
culture m ed ia. 

35. Hie method of daims 21 through 29, indnding, subsequent to the 
step of preferential^ enridung the fetal cells, incubating the enridied cells with a 
mari»r capable of selectively bmding «> said fetal cells. 

36. The method of daims 21 through 29 wherein said second member 
is immobilized on a «>lid siqpport selected from die groiq> consisting of hollow fibers. 
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beads, magnetic beads, plates, dishes, flasks, meshes, screens, solid fibexs, membranes, 
and dipsticks. 

37. The method of daims 22, 23, 24^ 27* 28, or 29 wherein said 
carbonic anttydrase mhibhor is selected fiom die gtdcqp oonsisthig of snlfairiTamide and 
acetasdamide. 

38. The method of daims 2% 23, 24» 27, 28, or 29 wherein said 
chloride ions are selected firom die groiq> oonsistmg of NaCI, KO, M^P2> ^ CaClz- 

39. The method of daims 22, 23, 24, 27, 28, or 29 wherein said 
ammfwiin js selected from the gfoap consisting of NH4Q and ammodium salts. 

40. Hie method of daims 22, 23, 24, 27, 28, or 29 wherein said carbon 
dicadde is selected from a group consisting of carbon duxdde in s o lu t i o n, carbonate, and 
bicarbonate. 

4L Hie metibod of daims 21 through 29 wherein the first member- 
second member binding pair are selected from the groitp consisting of biotin-avidin, 
biotin-strqmEvidin, Wocytin-avidin, biocytinHStreptavldin, methotrexateHlihydrofolate 
reductase, 5-fbiaroaradl-thimytfylate symhetase, and riboflann-riboflavhi binding 
protein. 

42. A method for enridiing fetal nucleated, erythroid cells from 
maternal blood, comprising: 

(a) incubating a sample of maternal blbod with a first ligand capable 
of specifically binding to fetal nudeated, eiythroid cells under conditions and for a time 
sufBdent to allow specific binding of said first ligand to the ceUs; 

(b) incq? w tiT7g the sample with a ficrst menUier chemically linked to a 
second ligand capaUe Gisped&csLOy binding to the first ligand under conditions and for 
a thne stifBdent to allow the second ligand to bind to the first ligand; 

(c) adsocbing the ceUs to an immotnlis»d second member, said second 
member capable of bmding to the first mend}er with an afSnity constant of greater than 
about 108 M"^ 

(d) removing unbound blood products; and 

(e) <ti«i^aring the bound cells m die presence of erythropoietin such 
that the fetal cells are preferentialfy enriched. 
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43. A method for eozidiiog fetal nucleated, eiytfazoid cells from 
matexnal blood, compiisiiig: 

(a) jnoihaff Tig a sanyle of maternal blood with a first ligand capable 
of spedfueaEy binding to fietal nodeatsd, eiy^ 

firfBffiwwt tn aflnuf i^pagffiii* biiiTiding of said first H gamf to the wBsi 

(b) fnmhating the san^Ie vdQi a Sxst member diemically linked to a 
second Ugand Capable of sqiedficaUy binding to die first ligand under conditions and for 
atime sufficient to allow the second ligand to bind to the first ligand; 

(c) adsorbing the Mils to an immobilized second member, said second 
member capable of binding to the first member with an afSniiy constant of greater than 
about lO^M-^, 

(d) removing the blood products; 

(e) incnbating tiie bound cells with ammonia and chloride ions and a 
carbonic anhydtase inhibitor under conditions and fbr k tiioe snfBdent tb allow 

an«m«iilq»inti fif afi fwrmiiinfn imiK-g nthin i^ b ffl HM l atld 

(f) <w»ifiatfwg ttm ffwlli^ flnn^irftitTig flffflfiwiilfft^ amrnfinimrt ^q ng fn the 

presence of aimrnnrSa and carbon dioxide such that selective hemolysis of ««it*^*»^ 
blood cells occurs. 

44. A method for emidung fetal nucleated, erythroid cells from 
Tnatnma] blood, comprising: 

(a) incubating a sample of maternal blood with a fixst ligand capable 
of specifically binding to fetal nucleated, eiythroid cells under conditions and for a time 
sufScient to allow specific binding of said first ligand to the cells; 

(b) incubating ±e sample with a first member chemically linked to a 
second ligand capable of ^dfically binding to the first ligand under condidons and for 
a tiuM snfBdent to allow the second ligand to bind to the first ligand; 

(e) adsorbing the cells to an unmobSiised second inember, said second 
member capable of binding to the first member widi an afBniiy constant of greater than 
about lO^M-l; 

(d) removing unbound blood products; 

(e) incubating the bound cells with ammonia and diloride ions and a 
carbonic anhydrase inhibitor under condidons for a timg sufBdent to allow 
accumulatfon. of ammonium ions within the bound cells; 
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(f) inniharitig thc cslls ^''funtng accumulated axmnoniiuii ions in the 
presence of ammonia and cazbon dioxide such tiiat selective Iwrnotysis of other than 
fetal cells occurs; and 

(g) incubating the bound cells in the presence of eiythropoietin such 
that the fetal cells are preferentially enriched. 

45. A me t h o d £or enriching fetal nudeated, erythroid cells from 
matenial blood, compiisiDg: 

(a) incubating a sample of the maternal blood with ammonia and 
chloride ions and a carbonic anhydrase inhibitor under conditions and for a time 
sufSdent to allow accumulation of aTniTionium ions within said cells; 

(b) incubating the cells containing accumuiiited anunonium in the 
presence of ammonia and carbon diqiridft sodi that selective hemo^fsis of ^ ^t*fn^\ 
blood cells occurs; 

(c) incubating the cells remaining afker hemolysis with a icst li^and 
enable of spedficallr binding to fetal nudeated, etytfaroid cells under conditions and 
for a tiniie sufBdett to aiOow ^}ed& bhidfaig of said fint ]i{^^ 

(d) fnoibating the sanqxte widi a first member chenricaPy linked to a 
second ligand aq)able of spedficaUy bindhag to the first ligand under conditions and for 
a tune suffident to allow the second ligand to bind to die first ligand; 

(e) adsorbing the ceDs to an immobilized second member, said second 
member capable of binding to the first member whh an affini^ constant of greater than 
about 10^ M-^ and 

(f) removmg the blood products such that fetal cells are enridied. 

46. The method of claim 45, induding, subsequent to removing said 
unbound blood products, incubating the cells in the presence of erythropoietin such that 
the fetal cells are preferential^ enriched. 

47. A method for enriching fetal nucleated, erythroid cells from 
maternal blood, comprising: 

(a) incubating a san^le of the maternal blood in the presence of 
erythropoietin such that the fetal ceils are enriched; 

(b) incubating the enriched cells with a first ligand enable of 
specifically binding to said cells under conditions and for a time sufficient to allow 
binding of said first ligand to tiie fetal nudeated. erythroid cells; 



W091/1645Z 



PCr/US91/02789 



32 

(c) incubatmg the saiiq}Ie with a fiist member chemicalfy linked to a 
second ligaad capable of spedficalfy binding to the first ligand xmder conditions and for 
a tinu sufBdffiot to aUow the second ligaxid to bind to the first ligand; 

(d) adsofbingtlieoeOs to an immobiUzed second member, said second 
member capable of bindfaue to die first member with an afBniiy etmstant nf greafar tha-n 
about lO^NT^, and 

(e) removing mibound blood products. 

48. Hie method of daim 47, indtiding, subsequent to removing said 
imboimd blood products, incubating the bound cells with ammonia and chloride ions 
and a carbonic anhydrase inhibitor under conditions and for a timai sufficient to allow 
accumulation of ammonium ions within the bound cells; and 

incubating the cells containing accumulated atnTiintiltini ions in the 
presence of ammonia and carbon diaadde sudi that selective hemolysis of matmrrta^ 
blood cells occurs. 

49. A method fiar enriddi^ £etal ^di*fltH, eiydiraid cells from 
matecnal blood, conqnising: 

(a) incubating a sample of mutntrrml blood in the presence of 
oytfaropoietin such that the fetal cells axe enriched: 

(b) incubating a sample of blood with gtwm^yif^ i food cfalodde ions and 
a carbonic anl^drase inhibitor under conditions and £or a time sufficient to allow 
accumulation of ammonium ions within said cells; 

(c) incubatmg the enriched cells with a first ligand capable of 
specifically binding to said cells under conditions and for a time sufficient to allow 
specific binding of said first ligand to the cells; 

(d) incubating the sanqjle with a first member chemically linked to a 
second ligatid capable of q>ecifically binding to the first ligand under conditions and for 
a time sufficient to allow the second ligand to bind to the fizst ligand; 

(e) adsorbing the cells to an immobilized second member, said second 
member capable of binding to the first member with an affinity constant of greater than 
about 10* M"^; and 

(f) removing unbound blood products. 

50. A method for enriching fetal nudeated, eiytfaroid cells from 
maternal blood, comprising: 
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(a) incubating a saxnpie of maternal blood with anunonia and chloride 
ions and a carbonic anbytbasc inhibitor under conditions and for a time sufficient to 
anow accuinuiation of ammomum ions within said cells; 

(b) inathating the emidied cells with a first ligasd capable of 
specifically binding to said cells under condidons and for a time iBiffident to allow 
specific binding of said first ligand to the ceOs; 

(c) fncnhatfng the enriched cells from step (b) in the presence of 
exytfaropoietin such that die fetal ceOs axe enri c hed ; 

(d) jncnbating the sanple with a first nxembei: cheinicalty linked to a 
second ligand capable of specifically binding to the first ligand under conditions and for 
a time sufSdent to allow the second ligand to bind to a first ligand; 

(e) adsorbing the cells to an immobilizdd second member, said second 
member capable of bindiqg to the first member with an afSnxty constant of greater than 
about 10^ M"^, and 

(f) removing unbound Uood products. 

SL The method of daims 42 thnx^ 50 wbareia. said ligand is 
selected fimn the gzoiq> consisting essential^ of antibodies, ezythzopoietiii, and 

52. Tbc method of daims 42 through 50, including, subsequent to the 
step of xenioviiigsaid liihbound blood products, releasizqi^tlie immobilized cells. 

53. The method of daim52 wherein said cells are released by 
mechanical agitadon. 

54. The method of daims 42 through 50 wherein the step of removing 
conq>rises rinsing the bound cells with a physiological solution. 

55. The method of daim 54 wherein said piq^ological solution is 
selected from the group consisting of PBS, PBS plus albumin, n on rifl? saline, and ceU 
culture media. 

56. The method of daims 42 through 50, induding, subsequent to the 
step of preferentially enriching the fetal cells, incubating the enridied cells with a 
marker capable of selectively binding to said fetal cells. 



wo 91/16452 



PCr/US91/02789 



34 

57. The method of daima 42 thrmigfa 50 wfagmn said sggpnH mitimh #.r 
is immobilized on a solid siqqxnt sdected from the group consisting of hollow fibers, 
beads, magnetic beads, plates, dishes, flasks, meshes, screens, solid fibers, membranes, 

58. The method of dahns 43. 44^ 45, 48. 49, or 50 whereia said 
carbonic anhydrase inMbitQr is selected ftmn the ^wmp anmriytm g nf ^^TfiatitTflrmd* an^] 
aeetazolamide. 

59. The method of daims 43, 44, 45. 48, 49. or 50 wherein said 
diloride ions are selected from die group consisting of Nad. KC3, MgQz, and CaQ2. 

60. Ibe method of daims 43. 44. 45. 48. 49. or 50 wherein said 
ammonia is selected from, the gronp cmigigtiBg of NH^C!1 and anmummm s al t s. 

6L The method of daims 43. 44. 45, 48. 49, or 50 wtoein said carbon 
diofldde is selected from a group con g igt i Hg of earimm dimidg fiii y>hm'<m. carbonatft, and 
bicaibonate. 

62. The method of daims 42 through 50 wherein the first member- 
second m e mb er binding pairs are selected from the group consisting of biotin-avidin, 
Motin'-streptavidin, bio^tiu-avidin, biocytin-streptavidin, methotrexate-dib/drofolate 
reductase, 5-fIuorouracil-tfaintjr(fylate syndietase, and, ziboflavin-ziboflavin binding 
protein. 

63. The method of daims 42 through 50 \idberein said second ligand is 

anantibo(fy. 

64. A method for coridimg fetal nudeated, eiytfaroid cells from 
maternal blood, comprising: 

(a) incubatiog a sample of maternal blood with biotinylated anti- 
erythroblast antibocfy under conditions and for a time sufEdent to allow the antibody to 
bind to the fetal nudeated, erythroid cells; 

(b) passing the cells through a packed bed of porous material having 
avidin bound to the surface thereof so as to adsorb the biotii^lated antibody to the 
avidin on the surface of the porous material, thereby binding the fetal ceUs and adult 
cells to the porous material; 
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(c) liixsiogiJiepadEedbcKi to lemoveunboimd blood pr^ 

(d) leleasmg bound cells by mechanical agitation of the packed bed; 

and 

(e) incubating the xeieased cells in the prasenee of eiytfaropoi 
tt^at the fetal cells are {deferentially en ri ched. 

65. A method for emicfaing fietal nucleated, exythnM cells from 
maternal bloody conqprising: 

(a) incubating a sample of materiaal blood with biotinylated anti- 
exythroblast antibody under condidons and for a time sufficient to allow the antibo<fy to 
bind to the fetal nucleated, isiythroid cells; 

(b) passing the cells through a packed bed of porous material having 
avidin bound to the surface thereof so as to adsorb the biotiiQdated antibody to the 
avidin on the surface of the porous material, thereby binding the fetal cells and adult 
ceQs to ^ parous material; 

(c) linang the padced bed to remove unbomid blood products; 

(d) releasing bound cells by mechmrical agitation of die padced bed; 

(e) Tn«?nM»^g the released oeDs with amrrinnin and diloride ions and 
a carbonic anhydrase itiWiw'tnr under conditions anrf for a tune snfBcient to aUow 
g/«r^lTmlTj^^^f^ qiF amm n nimn inm^ wfriiiTi the released and 

(f) fTK«nhatiTig the released cells in the presence of a m m on ia and 
carbon dioadde such that selective hemolysis of maternal blood cells oocms. 

66. A method for enriching fetal nucleated, eiythroid cells from 
maternal blood, and for detecting the presence of a selected genetic material 
comprising: 

(a) incubating a sample of maternal blood with an immobilized ligand 
capable of spedficalfy binding to fetal nucleated, eiythroid cells under conditions and 
for a tune snfEuient to allow specific binding of said ligand to the cells; 

(b) removing tmbonnd blood products; 

(c) incubating the bound cells in the presence of erythropoietin such 
that the fetal cells are preferential^ enriched; 

(d) exposing the genetic mateiial associated with said preferentially 
enriched cells; 

(e) incubating the genetic material associated with the fetal cells with 
a labelled probe capable of q)ecifically I^ridizing to said genetic material under 
conditions and for a time sufficient to allow I^ridization to occur; and 
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(£) detecdiigtlDepieseQceoftheixybridi:»dlabeU 

(57. The method of daim 66, indudin^ subsequent to the step of 

68. A method fior enxidui^ fietal mideated, etytfaioid cells ficom 

(a) fnmhatfn g a sample of nwternat Wnnri mitli an iTrfffy^t^fT^H ligariri 

capable of specifically bindii^ to fetal nudeated, etythrbid ceOs mider conditiims and 
for a time sufSdent to allow sped&c binding of said ligand to the cells; 

(b) removing unbound blood prodiicts; 

(c) incubating the bound cells in the presence of eiytbiopoietin such 
tihat tiie fietal cells are preferottialty eoridied; and 

(d) typtngtfae dgomosomes assodated vbh the enriched fetal cells. 

69. A method tat enriddng fetal mideated, etythroid odDs £rom 
nmtimml blood, and fior detecting the preseoee of a selected genetic material 

(a) incubating a sample of maternal blood wi& a first member 
diemically linked to a ligand capable of specificalfy binding to fetal nucleated, etythroid 
celkundercoiiditionsaiidfor a time sufficient to allow specific binding of said ligand to 
the ceOs; 

(b) adsorbing the cells to an immobilized second member, said second 
member capable of binding to the first membw with an afBnity constant of greater than 
about U-h 

(c) removing unbound blood products; 

(d) incnbating the bound cells in the presence of erythropoietin such 
that the fetal cells are pr^erentialfy enridied; 

(e) exposing the genetic matraial assodated with said preferentially 
enriched cells; 

(I) incubating the genetic material assodated with the fetal cells with 
a labelled probe capable of specifically hybridizing to said genetic material under 
conditions and for a time suMdent to allow hybridization to occur; and 

(g) detecting the presence of the hybridized labelled probe. 

70. The method of daim 69, mduding, sd»equent to the step of 
exposing the genetic Tnarcrial, denaturing the genetic material 
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71. A method fiir enriddiig £Btal nucleated, ezytbroid cells from 
matenial blood, and for lyping dmuDosomes from s^ 

(a) mcnhating a sample of maternal blood with a first member 
diemicalty Wwt***! to a <apiibl4^ of specifically hSiuKn^ fjii^^>}»9tf^_ exytfarxiid 
celb imder oondhians arid for a time sufiBdott to aOow ^peciBc bi^^ 

tfaecells; 

(b) adsorbing the cells to an nnmohnf mrf second member, said second 
member capable of binding to the first mexnber widi an affinity constant of greater than 
about 10* M"i; 

(c) removing unbound blood products; 

(d) incubating the bouzid mUs in the presence of ezythropoietin such 
that the fetal cells are pn^ierentially enriched; and 

(e) typing the chr om os o mes associated with the emiched fetal cells. 

72. A meiiiod for typing dmsmosomes of fiBtal nucleated eiytfaroid 

(a) jncnhaiing the fatal nu c iea te d erytigoid cells in a media c ont a ining 
etydiropoietin under conditions and for a time sufficient to induce mctaphavi in said 
cells; 

(b) fixing the DNA of said cells; 

(c) staining the fixed DNA sudx that chramosomes may be observed; 

and 

(d) ffiwmfning the stained DNA thereby allowing the typing of the 
chromosomes. 
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